The porcine epidemic diarrhea virus (PEDV) has recently been shown to cause huge economic losses in the global pork industry. Our results demonstrated that the extract dose-dependently inhibited the replication of PEDV and reduced the visible cytopathic effect (CPE). Treatment with C. heterophylla Fisch extract resulted in marked reduction of PEDVinduced cytokine and chemokine expression. The antiviral activity of C. heterophylla Fisch extract on PEDV replication was found to be primarily exerted at the early stages after infection. Taken together, our data indicate that C. heterophylla Fisch extract may be a good therapeutic agent for use against PEDV and also a potential candidate to be evaluated against other human and animal coronaviruses.
INTRODUCTION
Porcine epidemic diarrhea (PED), caused by the PED virus (PEDV), was first recognized in the United Kingdom in 1971 (1) . PEDV is a devastating enteric disease that is characterized by vomiting, acute severe watery diarrhea, and dehydration (2) . PEDV infections can occur in pigs of all ages, but infections are most serious in piglets, with morbidity and mortality often reaching 100% (3) . PEDV infection has resulted in high economic losses in the Asian pig industry and the disease was also reported in 2013 in North America and in 2014 in South America. In addition, outbreaks were reported in Europe during 2015 (4, 5) .
The optimum option is use commercial vaccine against PEDV infection. Recently, several PEDV vaccines have been developed (6, 7) ; however, the efficacy of the available commercial vaccines is limited and protective immunity is insufficient (8) . Therefore, a highly effective, rapid-acting antiviral strategy against PEDV is needed.
Medicinal plants have been traditionally used for the treatment of various diseases or symptoms. The genus Corylus
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Original Article among them consists of deciduous species that naturally occur in temperate forest areas in Europe, the Middle East, Asia, and North America (9) . Corylus heterophylla Fisch is the most widely distributed Betulaceae plant in China and its yield accounts for more than 70% of total output in the domestic market (10) . C. heterophylla Fisch plays a key role in water and soil conservation and in the ecological balance of certain types of forests (10) . Corylus species are also an important source of taxol (paclitaxel), which is an effective medicine for the treatment of breast, ovarian, and lung cancer (11~13). In this study, we investigated whether C. heterophylla Fisch extracts exerted antiviral activity against PEDV in vitro. In addition, we elucidated the detailed action of C.
heterophylla Fisch extract on PEDV replication. 
MATERIALS AND METHODS
Virus, cells, and reagents
Antiviral activity assay
Assays of antiviral activity were evaluated by the sulforhodamine B (SRB) method using cytopathic effect (CPE) reduction, as previously reported (14) . Vero cells were seeded 
Cytotoxicity assay
Cytotoxicity was conducted parallely with antiviral assay, as above described (14) . 
Cytokine and chemokine measurement
The levels of interleukin-6 (IL-6), interleukin-1 beta (IL-1β), chemokine (C-X-C motif) ligand 1 (CXCL1)/KC, and 
Time-of-addition
The time-of-addition effect of C. heterophylla was analyzed using the above-described SRB method.
Statistical analysis
One-way ANOVA followed by the Tukey post-hoc test using GraphPad Prism version 5 software (Graphpad, San Diego, CA, USA) was used to compare multiple groups.
Values of p < 0.05 were considered significant at a 95% displayed strong antiviral activity against PEDV, as indicated in Table 1 . At concentrations of 10 and 50 μg/ml, cell viability was 80% or greater compared with control ( Fig. 2A) . In addition, the CC 50 value of C. heterophylla Fisch extract was greater than 50 μg/ml (Fig. 2B ). (Table 1 ). In addition, it displayed no cytotoxicity to cells at the highest concentration tested (50 μg/ ml). Therefore, C. heterophylla Fisch extract, with its potent inhibitory effect on the proliferation of PEDV, is a lead candidate for PEDV therapy.
Cytokine and chemokine levels in
A host's innate immune system has the capacity to recognize a virus as foreign by pattern recognition receptors (PRRs), which leads to the expression of type I interferons (IFNα/β), pro-inflammatory cytokines, and chemokines (22) . and CXCL1 at concentrations of 10 and 50 μg/ml (Fig. 3) .
To elucidate the action of C. heterophylla Fisch extract on PEDV multiplication in more detail, we investigated the effect of C. heterophylla Fisch extract on single steps of the infection cycle of PEDV. Based on the results of this time-course study, pre-incubation of the Vero cells with C.
heterophylla Fisch extract did not protect the cells from PEDV infection (Fig. 4) . Furthermore, C. heterophylla Fisch extract inhibited PEDV infection when it was added at the time of infection or during the early stages after viral inoculation (1, 2, 4, and 6 h), but not after 8 h or more (Fig. 4) . This suggested that the mechanism of action involves inhibition of the early stages of viral replication after infection.
In conclusion, the present study indicated that C. hetero- 
